Background: Bell palsy is considered to be an entrapment neuropathy resulting from inflammation, edema, and strangulation. Diabetes, hypertension, and hypercholesterolemia have all been related to microangiopathies. However, the relationship between the frequency, severity, and recovery course of Bell palsy in patients with these pathologies is a matter of controversy.
Bell palsy is defined as a sudden paralysis/paresis of all muscle groups on one side of the face that cannot be attributed to any central nervous system, ear, or cerebellopontine angle disease. Approximately 1 in 65 people may experience such a condition in their lifetime. Almost 2 centuries after its first description by Sir Charles Bell, the etiology and prognostic factors of Bell palsy remain unclear. Microcirculatory failure of the vasa nervosum, ischemic neuropathy, and infectious, genetic, and immunologic causes have been hypothesized. [1] [2] [3] The long-term prognosis of this condition is inevitably a major concern for both patients and physicians.
Diabetes, hypertension, and hypercholesterolemia all have been correlated with microangiopathy, which, according to the theory of microcirculatory failure of the vasa nervosum, is a potential causative and poor prognostic factor in Bell palsy. To date, the respective literature reports are quite controversial. 4 -7 The facial nerve represents a unique case where a cranial nerve is confined within a bony canal, known as the fallopian canal, and Bell palsy represents a unique case of nerve entrapment in a bony canal. Therefore, the study of the factors affecting the clinical presentation and prognosis of Bell palsy constitutes a challenge in the pathophysiology of peripheral nerves.
The aim of this study was to demonstrate any correlation between diabetes, hypertension, or hypercholesterolemia and the severity of Bell palsy at its onset and after a 6-month interval. Contrary to previous reports, the correlation between diabetes and Bell palsy was not investigated by the use of fasting plasma glucose (FPG) but through serum glycosylated hemoglobin (HbA1c) levels, which are thought to state a brief history of the patients' glycemic control over the last 2 to 3 months unaffected by diet, insulin, other hypoglycemic drugs or exercise. 8, 9 The possible pathophysiologic mechanisms explaining the results of this study as well as the clinical implications of the findings are discussed.
Patients and Methods
Fifty-six consecutive patients (28 women, 28 men) who presented with Bell palsy to the emergency otorhinolaryngology department of a tertiary hospital over 3 years were included in the study. The patients' ages ranged from 21 to 82 years (mean Ϯ standard deviation [SD] , 54 Ϯ 31.7 years). Children were not included in the study. According to the House-Brackmann (H-B) grading system, this population presented the following distribution 3 to 4 days after the initiation of the palsy. 9 Three patients were diagnosed with grade III, 27 with grade IV, 7 with grade V, and 19 with grade VI. After a 6-month follow-up, complete recovery was achieved in 48 patients. Three patients still presented a grade III and 5 patients a grade II paresis. Bell palsy of grade V and VI was characterized as "severe." All 56 patients received the same therapeutic protocol, which included intravenous administration of prednisolone (100 mg on day 1; 75 mg on days 2, 3, and 4; 50 mg days 5 and 6; and 25 mg on days 7 and 8 of admission) and acyclovir 500 mg intravenous thrice daily. Serum glucose in diabetic patients was monitored thrice daily with finger prick testing, and appropriate treatment was administered according to the instructions of their treating physician. Recurrence episodes were noted in 3 patients.
The diagnosis of hypertension and hypercholesterolemia was based on the medical history and records of the patients. Diabetes was defined according to the 1997 American Diabetes Association Expert Committee criteria: FPG Ն7.00 mmol/L or treatment with oral antidiabetic drugs or insulin. Abnormal values of serum HbA1c were used as an indicator of an index of mean plasma glucose over the preceding weeks to months. 10, 11 HbA1c levels of 6.5% or higher were considered abnormal and, as far as string variables were concerned, patients were included in the "diabetic" group. Patients receiving oral antidiabetic drugs or insulin who had normal HbA1c values were excluded from the study because diabetic polyneuropathy seems to be highly dependable on glycemic control. Even short-term improvements in glycemic control and serum triglyceride levels have been reported to have an independent, additive, and durable effect on restoration of nerve function in patients with mild to moderate diabetic sensorimotor polyneuropathy.
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Statistical Analysis
Statistical analysis was conducted with SPSS software version 17.0 (SPSS, Inc, Chicago, IL). Statistical comparisons between patient and control groups for string values (diabetic or nondiabetic, with or without a history of hypertension or hypercholesterolemia) were performed using Pearson 2 test. Colinearity diagnostics for numerical values (HbA1c, cholesterol, low-density lipoproteins [LDL] , high-density lipoproteins [HDL] , and triglycerides) were performed using a variation infiltration factor. Correlations between numerical values and H-B scores at admission and the 6-month follow-up visit were calculated using the Kruskal-Wallis nonparametric test for k independent variables (the Monte Carlo technique). Significance was attributed at P Յ .05.
Ethical Considerations
The study was performed in accordance with the Declaration of Helsinki and was approved by the institutional ethical committee.
Results
In the population of this study, HbA1c ranged 3.3% to 9.8% (mean Ϯ SD, 5.8 Ϯ 1.4), the values of serum cholesterol ranged from 11 to 395 mg/dL (216.3 Ϯ 60.6), the values of LDLs ranged from 57.8 to 270.6 mg/dL (150.4 Ϯ 43.5), the values of HDLs ranged from 31 to 92 mg/dL (53.7 Ϯ 12), and the values of triglycerides ranged from 42 to 609 mg/dL (165 Ϯ 87.4).
Among the 56 patients in this study, 20 patients presented with abnormal values of HbA1c, 26 with a history of hypertension, and 16 with a history of hypercholesterolemia. The distribution of H-B classification of these groups of patients at admission is presented in Table 1 . After statistical analysis (Pearson 2 test, cross-tabulation), it was demonstrated that severe Bell palsy of grade V and VI was significantly more frequent among patients with abnormal HbA1c values (P ϭ .008). Among the 20 patients who presented with abnormal HbA1c values, 14 patients were diagnosed with Bell palsy of grade V and VI, whereas only 6 were diagnosed with grade IV or less. The possibility of patients with abnormal values of HbA1c to present with a Bell palsy of grade V and VI was 4.7 times higher than for patients with normal HbA1c values (95% confidence interval, 1.4 -15.2) ( Table 2) .
However, hypertension and hypercholesterolemia were not found to be correlated with the severity of Bell palsy. Among the 56 patients in this study, 26 were diagnosed with hypertension and 16 with hypercholesterolemia. Among the 26 patients with a history of high blood pressure, 15 were diagnosed with Bell palsy grade V and VI and 11 were diagnosed with grade IV or less (Pearson 2 test, P ϭ .1). Similarly, among the 16 patients with a history of hypercholesterolemia, 9 were diagnosed with Bell palsy grade V and VI and 7 with grade IV or less (P ϭ .4) ( Table 2) .
A variation infiltration factor was marginally Ͻ2, indicating an absence of colinearity for numerical values (HbA1c, cholesterol, LDL, HDL and triglycerides). H-B scores at admission were significantly correlated with numerical HbA1c values (Kruskal-Wallis test, P ϭ .016). None of the other measured values were significantly correlated to H-B scores at admission (cholesterol, P ϭ .4; LDL, P ϭ .06; HDL, P ϭ .5; and triglycerides, P ϭ .7).
Nevertheless, it is noteworthy that patients with abnormal HbA1c values were not found to have a worse prognosis at the 6-month follow-up visit. Six months after hospitalization, 17 of the 20 patients with abnormal HbA1c values had fully recovered (Table 3 ) (Pearson 2 test, P ϭ .9). The same limited prognostic value seems to apply for hypertension and hypercholesterolemia as well. Among the 26 patients with history of high blood pressure, 22 presented themselves fully recovered 6 months later, whereas a full recovery was noted for 13 of the 16 patients with a history of hypercholesterolemia (P ϭ .8 and P ϭ .5, respectively) ( Tables 3 and  4) . Consistent with the above, H-B scores at the 6-month follow-up visit were not significantly correlated to any of the measured numerical values (Kruskal-Wallis test: HbA1c, P ϭ .7; cholesterol, P ϭ .2; LDL, P ϭ .06; HDL, P ϭ .7; and triglycerides, P ϭ .4). The population of this study is presented in detail in Table 5 .
Discussion
The frequency of Bell palsy in diabetic patients is a matter of controversy. According to most authors, the percentage of diabetics among patients with Bell palsy is not higher than in the general population, 7, [13] [14] [15] although there are some reports that refer to Bell palsy as occurring more commonly in patients with diabetes, or even prediabetes, and in pregnant women. 16 -18 Regarding the severity of the palsy, 2 previous studies have failed to establish any correlation between diabetes mellitus or hypertension and the severity of Bell palsy. 4, 5 Kudoh et al 19 reported that noninsulin-dependent diabetes mellitus (NIDDM) or hypertension does not seem to have any significant effect on palsy scores and electroneuronography results, although patients with both NIDDM and hypertension are slow to recover. Previous reports also have shown that NIDDM and hypertension can influence the recovery of palsy, although the prognosis of Bell palsy associated with NIDDM alone is still a matter of controversy. 6 It is noteworthy that most of the relevant literature is quite old. The assessment of any correlation between Bell palsy and diabetes mellitus or hypertension with the use of contemporary demographic data and modern diagnostic or therapeutic means is limited. To date, most studies attempting to establish a relationship between diabetes and Bell palsy have used FPG and 2-hour plasma glucose after an oral glucose tolerance test to identify diabetic patients or subjects at a high risk of diabetes. 20 However, the oral glucose tolerance test is not common in clinical practice because it is time consuming, costly, and less reproducible than measurement of FPG. 21 The importance of HbA1c levels lies in the fact that it states a brief history of the patients' glycemic control over the last 2 to 3 months because an erythrocyte's life span averages 120 days. FPG alone is not a sufficient test to diagnose a patient as diabetic because there is a possibility of giving false results. However, once glycosylation occurs, the concentration of HbA1c does not vary day to day and is unaffected by diet, insulin, other hypoglycemic drugs, or exercise on the day of investigation contrary to the estimation of blood glucose. 8, 11 HbA1c is correlated with FPG and 2-hour plasma glucose. HbA1c is more reproducible than FPG, and within-subject coefficients of variation are 1.7 and 5.7%, respectively.
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The use of abnormal HbA1c values as the criterion for diagnosing diabetic patients and including them in our "diabetic" group may explain the different results reported by this study, which seem to point out a relationship between the severity of Bell palsy and abnormal glucose metabolism. Bell palsy is considered to be an entrapment neuropathy resulting from inflammation, edema, and strangulation of the facial nerve within the osseous fallopian canal. Part of the dysfunction is, therefore, attributed to vascular congestion with ischemia or impairment of axonoplasmic flow. This conclusion has been based on previous findings in perioperative and magnetic resonance imaging studies, as well as the significantly better outcome after corticosteroid administration compared with placebo. [27] [28] [29] [30] Peripheral nerves are vascularized by a longitudinal network of vessels linked by many anastomoses between the longitudinal vessels, allowing the blood flow to continue when individual segmental arteries are occluded. This is also the reason why a major impairment in blood flow is necessary to produce experimental ischemic nerve lesions. 31 In diabetic patients, there is chronic nerve ischemia due to reduction in endoneurial oxygen, reduced nerve blood flow, and epineurial arteriovenous shunting. 14, 32, 33 The abnormalities of endoneurial vessels, such as basal membrane thickening and endothelial cell proliferation, contribute to this effect and have been described extensively. 34 -36 The microangiopathy may also be a compensatory response to endoneurial ischemia/ hypoxia induced by chronic hyperinsulinemia. 37 Moreover, hyperglycemia causes direct nerve injury by several mechanisms including increased oxidative stress, accumulation of advanced glycation endoproducts, impaired axonal transport, and impaired flow through the polyol pathway. 38 Embryonic rat dorsal root ganglionic cell cultures demonstrate apoptotic cell death and reduced neurite outgrowth when exposed to acute hyperglycemia. 39 Pre-existing nerve ischemia and injury, as well as abnormalities of endoneurial and epineurial vessels could, therefore, be a possible reason for the worse H-B scores noted in diabetic patients at the time of their presentation to the emergency department.
On the other hand, this pre-existing nerve ischemia may act as a preconditioning nerve lesion, which may explain the good recovery of diabetic patients, who, although they first appear with worse H-B scores, manage to present themselves at the 6-month follow-up visit with scores similar to nondiabetic patients. Studies of axonal regeneration in the sciatic nerve have shown that a conditioning lesion of the tibial nerve (a branch of the sciatic nerve) made 2 weeks before a sciatic nerve injury causes a significant increase in axon outgrowth. 40, 41 Further work has shown that regeneration of dorsal root ganglion central processes into a peripheral nerve graft and regeneration of dorsal column fibers into a spinal cord lesion site is significantly improved by performing a peripheral nerve lesion. Thus, a preconditioning nerve lesion seems to increase the intrinsic regenerative ability of central axons by enhancing endogenous repair processes, such as elevation of intracellular cyclic adenosine monophosphate that allow axons to overcome myelin inhibition or by promoting of neuronal survival through attenuation of several injury-inducing mechanisms such as excitotoxicity, ion/pH imbalance, oxidative stress, metabolic dysfunction, and inflammation. [42] [43] [44] Another explanation for the good recovery of diabetic patients may originate from the improvements in their glycemic control; they received appropriate follow-up and treatment after their release from the hospital. Even short-term improvements in glycemic control have been reported to have an independent, additive, and durable effect on the restoration of nerve function in patients with mild to moderate diabetic sensorimotor polyneuropathy. 12 Apart from the above explanations, the possibility of a type II error due to the small population of this study and the fact that the Bell palsy resolved in a great majority of patients needs to be acknowledged.
Conclusively, HbA1c values seem to be significantly correlated with severe Bell palsy. Nevertheless, it is noteworthy that patients with abnormal HbA1c values do not seem to be of worse prognosis at the 6-month follow-up visit and seem to fully recover as frequently as patients with normal HbA1c values. Hypertension and hypercholesterolemia, however, do not seem to be correlated either with the severity of Bell palsy or with the degree of recovery 6 months later. The results of this study provide some additional information about the challenging pathophysiology of a peripheral nerve being entrapped in a bony canal. These findings seem to have important clinical implications regarding the diagnosis of Bell palsy, as well as the consultation of diabetic patients about both treatment and prognosis. First, they may imply that serum glucose, especially HbA1c levels, are indispensable parameters in the diagnostic procedure of Bell palsy. Second, they further highlight the importance of glycemic control for the prevention as well as the treatment of peripheral neuropathies in diabetic patients. Finally, they seem to provide encouraging prognostic evidence for diabetic patients with Bell palsy. Because Bell palsy often presents as quite a disfiguring situation for diabetic patients, the consultation of these patients and the good prognostic odds that an efficient glycemic control may prove to be quite important in every day clinical practice.
